Persistent spectral holes burned in the system octaethylporphin in poly(styrene) exhibit a symmetrical broadening varying in a linear fashion upon application of a static electric field. This effect is due to permanent electric-dipole moments induced in the dye molecules by the electric "matrix field. " The average value of the dipole-moment difference p between the excited and the ground state of the guest molecules, which can be deduced from the broadening, shows a distinct increase from the blue to the red edge of the inhomogeneous absorption band, thus reflecting the varying dye-matrix interaction for centers with different solvent shift. A detailed analysis of this variation in the framework of a microscopic theory, based on a recent publication by Laird and Skinner [J.
I. INTRODUCTION The frequencies of optical-absorption lines of dye molecules are influenced by the environment in which the molecules are embedded. In most cases, the absorption and fluorescence lines in solid matrices are therefore shifted with respect to the positions corresponding to their molecular vacuum transitions. This effect, which is called "solvent shift" or "gas-to-crystal shift" has been investigated theoretically by numerous authors (see, for instance, Refs. 1 -5). In general, one categorizes four mechanisms contributing to the solvent shift of an electronic transition, namely the dispersion interaction, the mutual electrostatic polarization of the dye and the solvent molecules, and the interaction between their static electric dipole moments, depending upon the polar nature of the involved molecules. In some cases, the situation may be even more complicated when special interactions such as In the optical case, the width of an inhomogeneous distribution can range between a few tenths of an inverse centimeter in high-quality single crystals and several hundred inverse centimeters in amorphous solids, which are characterized by a total lack of long-range order. In the following, we will restrict ourselves to the case of electronic transitions of dye molecules in disordered materials.
In order to overcome the problem of inhomogeneous broadening and to achieve a resolution of the order of the homogeneous linewidth (i.e. , the width of one individual molecular absorption line), a number of methods of nonlinear laser spectroscopy have been developed. They operate either in the time domain like two-pulse and accumulated photon echo or in the frequency domain like fluorescence line narrowing and persistent spectral hole burning. ' ' The hole-burning method has the special virtue of creating a narrow persistent marker in the inhomogeneous band that indicates small shifts of the absorption lines with high optical resolution. Therefore, this technique has not only been used for determining homogeneous linewidths but also for investigating the effects of external perturbations such as uniaxial' and hydrostatic ' ' pressure and electric fields. ' Since in amorphous matrices spectral holes are narrower than the corresponding inhomogeneous bands by 3 -4 orders of magnitude, small pressure changes of a few hPa and sma11 electric-field strengths of a few kV/cm are sufficient to give rise to easily and accurately measurable effects.
External fields of these magnitudes are only small perturbations, so that the matrices can be studied under near- 41 12 215
1990 The American Physical Society equilibrium conditions. Correspondingly, only the linear terms in the pertinent perturbation series need to be taken into account. Fig. 1 ). In order to achieve a good signal-to-noise ratio, a lock-in technique was used for detection.
B. Results
The In Fig. 3 we present the results of our rneasurernents of p at different frequencies in the inhomogeneous absorption band. The increase from the blue to the red edge of the band is quite obvious. In part (a) the p values and in part (b) their squares have been plotted versus frequency.
In both cases the straight line corresponds to a linear least-squares fit. In the linear plot it has a slope of ( -3. 1+0.12)X10 D/cm ' and intersects the abscissa at 16430280 cm ', whereas in the plot of (p) the corresponding numbers are ( -5 Fig. 3(b) In the preceding section we saw that our experimental data cannot be satisfactorily explained without taking into account the contribution of the dispersion interaction (van der Waals interaction) to the solvent shift. In the following, we present a modification of Laird and Skinner's theory that describes both the solvent shift (including the dispersive part) and the matrix-induced dipole-moment differences in a microscopic fashion and, thus, explains the correlation between these two quantities.
We start out by defining the probability distribution P (R".. I(v) :
m=1 m=1 (7) g(R ) defines the square of the dipole-moment diff 'erence that is induced in a dye molecule by the mth solvent unit.
Mathematical expressions for v(R ) and g(R ) will be specified later on. At first, however, we must introduce an approximation to make the integrals in Eqs. (6) and (7) tractable. We assume that the positions of the solvent molecules are statistically independent of each other so that P(R".. . , R)(i) can be factorized into a product of N equal two-particle solute-solvent distribution functions, P(R".. . , R )= P g(R } . 
x pj(xyj (10} After inserting Eqs. (13) and (14) into Eqs. (9) and (10), the Fourier integrals can be solved, yielding
I(v) =(2mcr, ) ' exp v, =pA, , =(i B))", (v -v, ) 
The cutoff parameter R, is close to the diameter o of a solvent unit.
IV. COMPARISON WITH EXPERIMENT AND DISCUSSION
Having specified the mathematical forms of the interaction potentials v(R) and g(R) and of the spatial distribution function g (R ), we can calculate the moments as given in Eqs. (15a) 
First, we note that the matrix-induced dipole-moment differences increase for decreasing frequencies, provided that the solvent shift p A is negative, which corresponds to positive values of e, A, , and a. An increase of p (or p ) from the blue to the red edge of the absorption band is in agreement with our experimental results (see Fig. 3 III A [Eq. (4)]. Since the a value calculated from our experirnental data [ Fig. 3(b) ] according to Eq. (4) or (34) was unreasonably small, we concluded that this model is qualitatively incorrect. Therefore, we examine the oppo- This width is somewhat smaller than the measured average dipole-moment differences p. In Fig. 3(a) This failure of the simple model led us to conclude that the dispersion interaction yields a substantial contribution to the solvent shift and cannot be neglected. Therefore we modified a microscopic theory published recently by Laird and Skinner and expanded it to our problem. In its original form it was used to describe the reversible shift and broadening of spectral holes by hydrostatic pressure. Our extended theoretical approach calculates the matrix-induced dipole-moment differences at each position in the inhomogeneous band, thereby taking the effects of both the dispersive forces and the electrostatic interaction into account. The theory predicts a linear increase of the square of p from higher to lower frequencies in the band. Contrary to the simple electrostatic model, however, it even yields a correct value for the magnitude of this variation, if the contribution of the dispersion interaction to the solvent shift is much larger than that of the electrostatic polarization.
In addition, the present theory takes into account that there is a distribution of dipole-moment differences at each wavelength position.
The comparison between the results of the two models and a critical evaluation of our experimental data leads to the conclusion that the contribution of the dispersive forces to the solvent shift is larger than the electrostatic part by roughly 2 orders of magnitude. Physically, this means that the van 
